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Summary 
 
Proper preparation of qualified specialists envisages theoretical learning and wide 
application of virtual laboratorial base.     
First of all visualization of hydrodynamic processes is important for learning process. 
Visual images and animated images, which are used during lections and seminars, significantly 
facilitate ability to comprehend the theory. Facilitation of formation of hydrodynamic intuition 
among listeners is even more important.  
Students of heat-and-power engineering specialty in their basic education have a lot of 
themes, which need arrangement of complex laboratorial base, which at its own turn requires 
large expenses. Advantage of virtual laboratorial tasks consists in easiness of evaluation of an 
impact of change in technological parameters on an average process and making an optimal 
decision. The work deals with contemporary improved program packages FLUENT and 
GAMBIT, which are used for modeling.  
Examples, methods considered in the works from the point of view of computer 
modeling and received illustrations will enable the student to become competent in computer 
modeling of processes, which occur in thermal power aggregate and use it in settlement of a 
range of technical tasks and implementation of scientific works. Aim of the given work from 
one side is to establish virtual laboratorial base and from another side to implement research 
works by means of application of computer programs. The main theme for description of 
aerohydrodynamics and thermal transmission process is studying of the law of flux creep.    
The problem of computer modeling in different regimes of isothermal flow in peripheral 
tube has been settled. Net in the program GAMBIT is established taking into consideration the 
fact that the net is more narrow-meshed in places, where the gradient of velocity is higher neat 
the tube wall, for receiving more information.   
It is clearly illustrated (by vectors of flow velocity) that during the laminar flow separate 
layers of fluid flow towards each other in such a manner that they do not mix. There is shown a    
picture of stabilization of speed performance curve, which ends with parabolic distribution of 
speed.    
Similarly is illustrated complex picture of current movement of particles of liquid with 
constantly changing trajectory during turbulent regime and current movement of particles 
intensively mixed. Also there is shown a process of establishment of velocity profile on stable 
sections by receiving cut parabola.  
 Quantitative difference, caused by difference of kind between laminar and turbulent 
movements is also shown. Namely, different patterns of distribution of velocity in sections of 
the tube are shown. Contrastive picture of laminar and turbulent regimes of liquid flow is 
illustrated.   
One of practical tasks is studying of the process of flow around the body different 
figures (circle, 3/4, 1/2 and ¼ of circle) sinking in liquid by creeping regime. On the basis of 
computer modeling pictures of flow around the body of these figures by glycerin are received 
(velocity potential, velocity vector, speed performance curve in specific sections and in case of 
flow reverse). Diameter of circle amounts to 20 mm, velocity of flow is changed in scope of 
1.0-4.7 mm/sec., and the average meaning of the Reynolds' number equals 117.0Re =L (arcs of 
figures are taken for determinant geometric magnitude). It is shown that in case of flow reverse 
pictures of the flow around the body are practically symmetric.        
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Distance of 0.52d between pairs of vortexes, caused by flow around the semicircle by 
glycerin is determined, which differs from experimentally received figure by 9%; it may be 
connected to difference between thermophysical properties of glycerin and the Reynolds' 
numbers.      
The work also deals with virtual determination of tasks of flow around the body of 
different extensions and cavities, which are widespread in practice. Distinctive parameter of 
cavities is k=b/h (k=3-0.25), correlation of width of cavities - b to the depth – h.            
Analysis of processes has shown, that reduction of k figure in the cavity two vortex 
zones are changed one wide stretched vortex, afterwards one concentrated vortex and in the end 
a large amount of consecutive vortexes are established beyond each other.                      
Evaluation of consumption knots for specific terms of exploitation, when standard 
requirements for measuring knots are not maintained (removal of compression – in the form of 
extension on the internal part of the tube), stipulates additional systematic errors and distorts 
results of measurements.            
Modeling of a specific task has been implemented: 70oC water flows in a bare tube with 
consumption 27 m3/sec. Before entering the tube pressure of liquid in the section equals 5 ata. 
Inner diameter of the tube is 150 mm, diameter of aperture of diaphragm – 80 mm. Module of 
diaphragm m=802/1502=0.284. Coefficient of consumption equals 0.631. In this case the 
Reynolds’ limiting value Re=84711. As Reynolds' practical value exceeds its limit value the 
coefficient of consumption will not depend on the Reynolds' number.      
According to the process of modeling in case with bare tube pressure drop on 
diaphragm amounted to 299 mm.Hg., in case of extension in two sections: before excitation of 
the flow and drop of pressure in minimal section increased by resistance of extension and 
correction on the extension equals Kext=1.02. Correspondingly, coefficient of consumption 
amounts to 0.644 and consumption equals to 27.54m3/sec. Thus, by means of computer 
modeling it is possible to reveal systematic errors and by introduction of corresponding 
corrections to update results of measurements.           
In tubing of thermal power plants and many fields of industry it is frequent that flows of 
liquids with different temperature mix with each other. For correct engineering of system it is 
important to predict consumption and temperature of substance in the area of mixing. The work 
deals with computer modeling of the above-mentioned process: cold liquid (water) with 
temperature 20oC and velocity 0.2 m/sec flows into 400 mm diameter tube and mixes with 40oC 
warm water, which flows into the arm from 100mm diameter tube. (Velocity of warm water in 
the tube on the entrance changes within diapason of 1 m/sec – 100 m/sec).    
The net is arranged beforehand for modeling of the process of mixing, which consists of 
triangles (specifically 1215 triangles). Calculation is implemented for standard turbulent model. 
Equations of corresponding heat exchange energies between each triangle are activated in the 
above-mentioned program.     
Pictures of temperature and velocity fields before and after mixture of flows and 
diagram of distribution of velocity and temperature in fluid outlet angle are received, which 
allows implementation of quantitative analysis.     
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ნაშრომის ზოგადი დახასიათება 
 
Temis aqtualoba kvalificiuri specialistebis mosamzadeblad, 
romelTa dargobrivi kompentenciebi daakmayofilebs Tanamedrove 
moTxovnebs, swavlebis procesSi Teoriul swavlebasTan erTad  
virtualuri laboratoriuli amocanebis farTod gamoyeneba 
aqtualuria.  
virtualuri laboratoriuli amocanebis Seqmna 
SesaZlebelia, dReisaTvis erT-erTi yvelaze ufro daxvewili da 
srulyofili hidroaerodinamikuri programebis FLUENT-is da 
GAMBIT-is gamoyenebiT. 
siTxis an airis moZraobis modelirebisaTvis es programebi 
farTod gamoiyeneba iseT sferoebSi, rogorebicaa: aviacia, 
energetika, saavtomobilo industria, qimia, fizika da sxva. maTi 
momxmareblebia iseTi cnobili firmebi, rogorebicaa “boingi”, 
“bmv” da sxva.  
Tboenergetikuli specialobis studentebis sabazo 
ganaTlebis disciplinebSi mravladaa iseTi Temebi, romlebic 
saWiroeben rTuli laboratoriuli bazis mowyobas, rac did 
xarjebTanaa dakavSirebuli. virtualuri laboratoriuli amoca-
nebis upiratesoba imaSi mdgomareobs, rom kompiuterul modelze 
martivadaa SesaZlebeli teqnologiuri parametrebis cvlilebis 
gavlenis Sefaseba saerTo procesze da optimaluri gadaw-
yvetebis povna. naSromSi modelirebisaTvis gamoyenebulia Tana-
medrove srulyofili programuli paketebi FLUENT da GAMBIT. 
es programebi warmatebiT SeiZleba gamoyenebuli iqnas 
saswavlo miznebTan erTad kvleviTi samuSaoebis Casatareblad. 
 samuSaos mizani da ZiriTadi amocanebi. samuSaos mizans 
warmoadgens swavlebis yvela safexurze (umaRlesi profesiuli, 
bakalavriati, magistratura) Tboenergetikosebis ukeT 
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momzadebisaTvis, maprofilebel sagnebSi Seiqmnas ZiriTadi 
Temebis mixedviT virtualuri laboratoriuli baza, romelic 
daxmarebas gauwevs maT Teoriuli codnis aTvisebasa da 
gaRrmavebaSi. miRebuli dargobrivi kompentencia, kompiuteruli 
modeleirebis sferoSi, specialists xels Seuwyobs dasaqmebis 
sakiTxSi da mas SesaZlebloba eqneba warmatebiT gadaWras 
samacniero Tu teqnikuri sakiTxebi.  
konkretulad,  samecniero-kvleviTi  mimarTulebiT samuSao 
miznad isaxavs samecniero kvlevis Sesrulebas viwrovdebadi 
mowyobilobiT nivTierebaTa xarjis gansazRvris procesis 
kompiuteruli modelirebis  gziT,  diafragmis win 
SemamWidroebeli safenis SesaZlo SveriliT gamowveuli 
gazomvis cdomilebis Seswavlas.  aseve sxvadasxva siCqareebisa 
da temperaturebis mqone siTxeebis Serevis modelirebis 
Sesrulebas temperaturis da siCqaris velebis dadgenis mizniT, 
Serevis Sedegad Tbocvlis gaTvaliswinebis SemTxvevaSi.    
dasaxuli miznis misaRwevad samuSaos ZiriTad amocanebs 
warmoadgens:  
• saswavlo gegmis mixedviT maprofilebeli sagnebis 
Sesabamisi Temebis da konkretulad sakiTxebis 
SerCeva, romlisTvisac unda Seiqmnas kompiuteruli 
virtualuri laboratoriuli baza; 
• teqnologiuri procesebis modelirebis swavleba; 
• kompiuteruli programebis FLUENT-is da GAMBIT-is  
ZiriTadi SesaZleblobebis da muSaobis elementebis 
swavleba; 
• kompiuteruli programebis adaptacia virtualuri 
laboratoriuli amocanebis Sesaqmnelad; 
• viwrovdebadi mowyobilobiT nivTierebaTa xarjis 
gansazRvris procesis kompiuteruli modelirebis  
gziT,  diafragmis win SemamWidroebeli safenis 
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SesaZlo SveriliT gamowveuli gazomvis cdomilebis 
Seswavla; 
• sxvadasxva siCqareebisa da temperaturebis mqone 
siTxeebis Serevis modelirebis Sesrulebas 
temperaturis da siCqaris velebis dadgenis mizniT, 
Serevis Sedegad Tbocvlis gaTvaliswinebis 
SemTxvevaSi.   
miRebuli Sedegebis samecniero siaxle.   
1. naSromis samecniero siaxlea saqarTvelos teqnikur 
universitetSi swavlebis procesSi hidroaerodinamikuri 
kompiuteruli programebis FLUENT da GAMBIT–is gamoyenebis  
danergva da axali virtualuri laboratoriuli bazis Seqmna.  
2. viwrovdebadi mowyobilobiT nivTierebaTa xarjis gansazRvris 
procesis kompiuteruli modelireba, diafragmis win SemamWidro-
ebeli safeniT SesaZlo SveriliT gamowveuli gazomvis 
cdomilebis dadgena.  
3. sxvadasxva siCqareebisa da temperaturebis mqone siTxeebis 
Serevis modelireba  temperaturis da siCqaris velebis dadgenis 
mizniT, Serevis Sedegad Tbocvlis gaTvaliswinebis SemTxvevaSi.   
kvlevis meTodebi da miRebuli Sedegebis utyuaroba. 
gamokvlevebi tardeba personalur kompiuterze avtoris mier 
SemuSavebuli kompiuteruli modelisa da farTod aprobirebuli 
universaluri algoriTmis safuZvelze. nakadebis moZraobis 
hidroaerodinamikuri reJimebi Seiswavleba or (2D) da sam (3D)  
ganzomilebaSi,  kompiuteruli programebis FLUENT da GAMBIT–
is gamoyenebiT. 
samuSaos praqtikuli Rirebuleba da Sedegebis danergva. 
samuSaos praqtikul Rirebuleba mdgomareobs imaSi, rom 
virtualuri laboratoriuli bazis Seqmna xels Seuwyobs 
maRalkvalificiuri specialistebis momzadebas. kompiuteruli 
modelirebis irgvliv miRebuli codna da gamocdileba karg 
perspeqtivas iZleva praqtikuli sawarmoo amocanebis warmatebiT 
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Seswavlis da gadaWris  da samecniero muSaobis warmarTvis 
mimarTulebiT. 
programuli paketebiT FLUENT da GAMBIT Catarebuli 
modelirebis safuZvelze Seswavlili xarjis sazomi kvanZis 
diafragmis SemamWidroebeli safenis arasworo montaJis dros 
milsadenSi warmoqmnili Sverilis gavlena gazomvis sizusteze, 
gazomvis SedegSi Sesworebis Setanis gziT cdomilebis Semcirebis   
saSualebas iZleva. 
programuli paketebiT FLUENT da GAMBIT Catarebuli 
modelirebis safuZvelze Seswavlili gansxvavebulitemperaturisa 
da sxvadsxva siCqaris mqone wylis Serevis amocana.  
disertaciis struqtura da moculoba. disertaciis teqsti 
Sedgeba Sesavlis, sami Tavis, daskvnis, reziumis, 51 dasaxelebis 
gamoyenebuli literaturis CamonaTvalisagan. disertaciis 
moculoba Seadgens 122 gverds 3 cxrilisa da 108 naxazis CaTvliT.  
 
სამუშაოს მოკლე შინაარსი 
თავი I eZRvneba  siTxisa da gazis dinebis reJimebis, 
sxvdasxva sxeulebis garsdenis, sasazRvro Sris da nakadis 
mowyvetis, praqtikaSi gamoyenebuli sxvadasxva Tbomtarebis (wyali, 
haeri, kvamlis airebi, glicerini, satransformatoro zeTi, 
Txevadi liTonebi) siblantis maCveneblebis sakiTxebs.  
ganxilulia siTxis dinebis saxeebi:  
• aragrigaluri (potenciuri)  da grigaluri. pirvel 
SemTxvevaSi nawilakebi ar brunavs, xolo meore SemTxvevaSi 
adgili aqvs nawilakebis brunvas Tavisi myisieri centris 
garSemo garkveuli kuTxuri siCqariT;  
• damyarebuli (stacionaruli) da daumyarebeli. pirvel 
SemTxvevaSi TiToeuli nawilakis siCqare ar icvleba drois 
mixedviT, xolo meore SemTxvevaSi siCqare cvalebadia drois 
mixedviT; damyarebuli moZraoba Tavis mxriv SeiZleba iyos 
Tanabari da araTanabari dawneviT da udawneo moZraoba. 
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pirvel SemTxvevaSi nakadi mTlianad avsebs kveTs, xolo 
meore SemTxvevaSi nakads aqvs Tavisufali zedapiri;  
• laminaruli da turbulenturi. pirvel SemTxvevaSi yoveli 
nawilaki gadadgildeba erTmaneTisa da geometriuli RerZis 
paralelurad ise, rom erTmaneTTan Sereva ar xdeba (ar 
gadadgildebian ganivad). ar xdeba siCqarisa da wnevis 
pulsaciebi. meore SemTxvevaSi nawilakebi moZraoben drois 
mixedviT cvladi mrudwiruli traeqtoriebiT da adgili 
aqvs maT Serevas ganivi mimarTulebiT. aseve adgili aqvs 
siCqarisa da wnevis pulsaciebs.  
siTxis an airis moZraobis modelirebisaTvis msoflios 
wamyvan universitetebSi gamoyenebulia hidroaerodinamikuri 
programebi FLUENT da GAMBIT. moyvanilia zogierTi praqtikuli 
amocanebis (ventilatorebi, pulsaciuri xarsazomi, 
TviTmfrinavis frTis, turbinis rotorisa da statoris garsdena 
da sxva ) kompiuteruli modelirebis magaliTebi.  
hidrodinamikis mecnierebis ganviTarebis adreul etapze 
siTxeebisa da gazebis dinebebis Teoriuli Seswavla xdeboda  im 
daSvebiT, rom siTxe aris idealuri (srulyofili), anu ar 
xasiaTdeba xaxuniT da amasTan erTad aris arakumSvadi.  
siTxeebis dinebisas xaxunis gareSe mis calkeul fenebs 
Soris warmoiSoba mxolod normaluri Zalebi (wnevis Zalebi), 
mxebi Zalebi, anu Zvris Zalebi ar moqmedeben. e.i. idealur 
siTxeebSi ar moqmedeben mxebi Zalebi da siTxeebSi ar arsebobs 
xaxunis winaRoba. ideluri siTxeebis Teoria  ver xsnis siTxeSi 
moZravi sxeulis winaRobis movlenas.  
uSualod kedlis siaxloves siTxis dinebaze gadamwyvet 
gavlenas axdens is garemoeba, rogoricaa kedlis simtkice, misi 
SeuRwevadoba da siTxis mikvra (miwebwba) zedapirze.  
me-19 saukunis bolos mecniereba siTxis moZraobis Sesaxeb 
gayofili iyo erTmaneTisagan Zalian dacilebul or 
mimarTulebad: erTis mxriv did srulyofamde mivida Teoriuli 
hifdrodinamika, romelic eyrdnoboda xaxunis gareSe siTxeebis 
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dinebis eileris gantolebebs da meores mxriv teqnikis mier 
wamoyenebuli praqtikuli hidravlika. .miRebuli Teoriuli  
Sedegebi mkveTrad gansxvavebuli iyo praqtikuli Sedegebisagan. 
amitom klasikuri hidrodinamikis roli praqtikisaTvis 
umniSvnelo iyo. Teoriul da praqtikul monacemebs Soris didi 
gansxvaveba gamowveuli iyo, imiT, rom  Teoriul hidrodinamikaSi 
uguvebelyofili iyo siTxeSi nawilakebs Soris da maTi   
kedelTan momqmedi xaxunis Zalebi.  
Teoriuli hidromeqanikisa da hidravlikis daaxloeba 
SesaZlebeli gaxda germaneli mecnieris prandtlis (1904w) mier 
wamoyenebuli sasazRvro Sris hipotezis wyalobiT [4]. prandtlma 
cdebiT aCvena, rom zedapiris siaxloves siTxis dineba SeiZleba 
gaiyos or ared: zedapiris axlos Zalian Txeli fena (sasazRvro 
Sre), sadac xaxuni TamaSobs mniSvnelovan rols da ared am 
fenis gareT sadac xaxunis Zalebi SeiZleba uguvebelyoT. am 
hipoTezis  gamoyenebiT Teoriuli hidrodinamika swrafad 
ganviTarda da ufro srulyofili gaxda. amJamad mWidro kavSiria 
Teoriul da eqsperimentul kvlevebs Soris, romelic damyarda 
sasazRvro Sris hipoTezis wyalobiT.  
თავი II. eZRvneba virtualuri laboratoriuli bazis 
Seqmnas  siTxis dinebis procesebis Sesaswavlad. Tboteqnikuri 
procesebis mimdinareobis xasiaTs  mniSvnelovnad gansazRvravs 
am procesebTan mWidrod dakavSirebuli nakadebis 
hidroaerodinamikuri reJimebi.   
hidrodinamikuri procesebis dakvirvebisaTvis nakadis 
dinebebis vizualizacias uZvelesi droidan eniWeboda  
mniSvnelovani roli. eqsperimentulad Seswavlilia viwro 
RreCoSi (Instrument Hele-Shaw) sxvadasxva sxeulebis garsdenis 
suraTebi. igi iZleoda movlenis xarisxobrivi gagebisa da bolo 
periodSi ki ukve raodenobrivi Sefasebis SesaZleblobas. 
literaturaSi mocemulia aSS., inglisis, safrangeTis, iaponiis 
da sxva qveynebis specialistebis eqsperimentuli kvlevis 
Sedegebi siTxeebisa da gazebis sxvadasxva pirobebSi dinebis 
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amsaxveli fotoebis saxiT. am masalebis klasifikacia, damuSaveba 
da komentarebi Sesrulebulia cnobili amerikeli mecnieris 
milton van-daikis mier. es wigni unikaluria imiTac, rom 
hidrodinamikis arsebobis ornaxevari saukunis periodSi igi am 
saxis erTad-erTi naSromia.  
 SemdgomSi kompiuteruli teqnikis ganviTarebam ufro meti 
SesaZleblobebi Seqmna rTuli hidrodinamikuri procesebis 
Sesaswavlad.                 
siTxis an airis moZraobis modelirebisaTvis gamoyenebulia 
hidroaerodinamikuri programebi FLUENT da GAMBIT. am    
programebTan muSaoba moicavs sam ZiriTad etaps: 1. badis 
generireba programa GAMBIT–Si da naxazis gadatana programa  
FLUENT–Si; 2. gamoTvlebis Catareba FLUENT–Si; 3. Sedegebis 
dokumentireba Word-Si.  
programa FLUENT–Si gamoTvlebis Catareba SesaZlebelia 
rogorc or, aseve sam ganzomilebian areSi (2D da 3D). meore 
etapis win saWiroa SevitanoT nakadis sawyisi monacemebi: siCqare, 
temperatura, wneva, simkvrive, dinebis saxe da sxva. bolo etapze 
SeiZleba ganisazRvros nakadis siCqare, siCqaris veqtori, wneva, 
temperatura sasurvel wertilebSi da agreTve nakadis nebismier 
kveTSi SeiZleba miviRoT siCqarisa da wnevis profili.  
programuli paketebis gamoyenebiT Catarebulia sxvadasxva 
procesebis modelireba da Seqmnilia virtualuri 
laboratoriuli amocanebi.   
1. nakadebis moZraobis laminaruli da turbulenturi        
   reJimebi   
modelireba Sesrulebulia wriul milSi siTxis (wyali) 
izoTermuli dinebis sxvadasxva reJimebisaTvis. milis diametria 
d=0.079m da erT SemTxvevaSi wylis saSualo siCqare milSi 
Sesvlaze tolia 0.013m/wm (laminaruli reJimi), xolo meore 
SemTxvevaSi- 1.27m/wm (turbulenturi reJimi).Llaminaruli reJimis 
Sesabamisi reinoldsis ricxvi tolia 1021Re = , xolo 
turbulenturi reJimisaTvis 99732Re = .Nnax.1 -ze naCvenebia GAMBIT–
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Si Sesrulebuli bade. Mmeti informaciis misaRebad bade milis 
kedelTan ufro xSiria.  
 
 
Nnax.2-ze mocemulia laminaruli reJimis dros 
stabilizirebul ubanze milsadenis ganiv kveTSi siCqaris 
ganawilebis suraTi.  
 
 
 
 
 
 
 
 
 
 
Nnax.3-ze mocemulia nakadis laminaruli reJimis dros 
milsadenis ganiv kveTSi siCqareTa ganawilebis mrudebi 
milsadenis Sesasvlelidan sxvadasxva manZilze daSorebiT (1 dan 
8 metramde). sabolood  stabilur ubanze ganawilebis mruds aqvs 
parabolis saxe.  saSualo siCqare tolia 0.013m/wm.  
 
Nnax.1. GAMBIT–Si agebuli bade 
 
Nnax.2. laminaruli reJimis dros stabilizirebul 
ubanze siCqaris ganawilebis suraTi milsadenis 
ganiv kveTSi 
milis dia-
metri 
 
0.079m 
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nax.4-ze naCvenebia turbulenturi reJimis dros 
stabilizirebul ubanze milsadenis ganiv kveTSi siCqaris 
ganawilebis suraTi. kedelTan siCqare nulis tolia da 
kedlidan mcire manZiliT daSorebul nakadis gulSi siCqare ukve 
praqtikulad mudmivi sididea.  
 
  
turbulenturi moZraobis dros ganiv kveTSi siCqaris cvlilebis 
mruds aqvs wakveTili parabolis saxe. kedelTan axlos mrudi 
Zalian cicaboa, xolo ganikveTis Sua nawilSi, sadac nakadis 
egereTwodebuli turbulenturi gulia moTavsebuli igi odnav 
damrecia. saSualo siCqaris )(w  Sefardeba maqsimalur 
siCqaresTan )( 0w  aris  Re -is funqcia: (Re)/ 0 fww = . 
turbulenturi reJimis dros dx 40≈ .  
 
Nnax.3. milis ganiv kveTSi  siCqaris ganawilebis mrudebi 
milis Sesasvlelidan sxvadasxva manZilebze daSorebiT 
(laminaruli dineba) 
 
Nnax.4. turbulenturi reJimis dros stabilizirebul ubanze 
siCqaris ganawilebis suraTi milsadenis ganiv kveTSi 
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moZraobis turbulenturi reJimis dros milsadenis 
kedelTan yovelTvis aris iseTi Sre (laminaruli sasazRvro 
Sre), romelSic siTxe moZraobs laminarulad. stabilizaciis 
ubanze am Sris sisqe TandaTan izrdeba nulidan mis Zvrul 
mniSvnelobamde. 
moZraobis turbulenturi reJimis dros  siTxis nawilebi 
moZraoben rTuli, droSi mudam cvalebadi traeqtoriiT da 
siTxeSi mimdinareobs nawilakebis intensiuri Sereva.  
laminarul da turbulentur moZraobebs Soris Tvisobrivi 
gansxvaveba iwvevs raodenobriv gansxvavebasac. kerZod 
gansxvavebulia milsadenis kveTSi siCareTa ganawilebis 
kanonzomierebebi.  
siCqaris matebasTan erTad siTxis calkeuli nawilebi 
moZraoben sxvadasxva mimarTulebiT, ejaxebian erTmaneTs, 
ejaxebian kedlebs da a.S. moZraobis rejimi xdeba turbulenturi. 
turbulenturi moZraobis xasiaTi ZiriTadad aixsneba moZraobis 
ZiriTadi mimarTulebis mimarT siCqaris ganivi mdgenelis 
arsebobiT.  
 
Nnax.5. . milis ganiv kveTSi  siCqaris ganawilebis mrudebi milis 
Sesasvlelidan sxvadasxva manZilebze daSorebiT (turbulenturi dineba) 
 
Nnax.5-ze mocemulia nakadis turbulenturi reJimis dros 
milsadenis ganiv kveTSi siCqareTa ganawilebis mrudebi 
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milsadenis Sesasvlelidan sxvadasxva manZiliT daSorebul 
kveTSi. sabolood  stabilur ubanze ganawilebis mruds aqvs 
wakveTili parabolis saxe.  saSualo siCqare tolia 1.27m/wm. 
Nnax.6-ze naCvenebia siTxis dinebis laminaruli da 
turbulenturi reJimebis SedarebiTi suraTi. 
 
nax.6.D laminaruli da turbulenturi dinebis reJimebis Sedareba 
 
2. siTxeSi CaZiruli sxvadasxva formis figurebis: wre da  
wris rkalebis garsdena½ 
garkveuli Teoriuli da praqtikuli mniSvneloba aqvs  
siTxeSi CaZiruli sxvadasxva formis figurebis garsdenis 
procesebis Seswavlas.  angariSebi Catarebulia mcocavi reJimiT 
wris, wris 3/4, 1/2½ da 1/4 rkalebis gliceriniT garsdenis dros, 
pirobebisaTvis: ρ =1266.5 kg/m3;  µ =0.799pa.wm da ν = 41031.6 −⋅  m2/wm. 
nax.7-10 naCvenebia wris, wris 3/4, 1/2½ da 1/4 rkalebis  gliceriniT 
garsdenis suraTebi.  wris diametria 20mm, nakadis siCqarea 1mm/wm 
da reinoldsis ricxvebi: dRe =0.0317 da LRe =0.0995. nakadis 
gadaadgileba xdeba siTxis calkeuli moculobebis brunvis 
(dagrigalebis) gareSe. dinebis suraTi simetriulia. nax. nax.44-
naCvenebia 20 mm diametris wris ¾3/4¾rkalis garsdena. nakadis 
siCqarea 6.1  mm/wm da reinoldsis ricxvi- LRe =0.119. 
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nax.7. wris gliceriniT garsdenis kompiuteruli    
modelireba.  siCqaris Zalwirebi. 032.0Re =d .   
 
nax.8. wris 3/4 rkalis gliceriniT garsdenis kompiuteruli 
modelireba  siCqaris Zalwirebi.  119.0Re =L  
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nakadis reversis SemTxvevebSi praqtikulad garsdenis 
suraTebi simetriulia.  
rkalebis Sida nawilSi, rogorc mosalodneli iyo, 
aRiniSneba erTi wyvili grigali, centrebs Soris garkveuli 
manZilebiT.   literaturaSi mocemuli naxevarwris aluminis 
fxvniliT dispergirebuli gliceriniT garsdenis ( 031.0Re =d ) 
wyvil grigalebs Soris eqsperimentulad gansazRvruli  manZili 
tolia 0.52d. am  ukanasknelis  gadaxra kompiuteruli 
modelirebiT miRebul sididisagan Seadgens 9%, rac 
     
 
nax.9. wris 1/2 rkalis gliceriniT garsdenis kompiuteruli  
     modelireba. siCqaris Zalwirebi.  114.0Re =L  
        
 
nax.10. wris 1/4 rkalis gliceriniT garsdenis kompiuteruli  
     modelireba. siCqaris Zalwirebi.  117.0Re =L  
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SesaZlebelia dakavSirebulia gliceris Tbofizikuri 
maxasiaTeblebis  da reinoldsis ricxvebis gansxvavebebTan.       
3. Sverilis garsdena.  
nax. 11. naCvenebia sibrtyeze marTkuTxa formis Sverilis garsde-
nis siCqaris Zalwirebis suraTi. 
 
 
 
 
 
 
 
 
 
 
 
4. ღრმულის გარსდენა 
 
kvlevis obieqts warmoadgens sibrtyeze sxvadasxva zomis 
marTkuTxa Rrmulebi, romelTa garsdena xorcieldeba  
glicerinis nakadis Zalian mcire siCqareebis pirobebSi (mcocavi 
reJimi) - reinoldsis ricxvi gamoTvlili Rrmulis siRrmis 
mixedviT tolia 0.01. Rrmulebis maxasiaTebel parametrad 
aRebulia k=b/h, Rrmulis siganis- b mis siRrmesTan- h Sefardeba. 
nax.12-ze naCvenebia nakadis dinebis suraTis Sesaswavlad 
programa GAMBIT-Si generirebuli bade sibrtyeze Rrmulis (8*4mm) 
garsdenis SemTxvevaSi, roca k=2. bade xSiria im nawilSi, 
(Rrmulis ubani), sadac meti informaciis miRebaa saWiro. 
analogiuri badeebi igeba sxva zomis RrmulebisTvisac.  Semdeg 
xdeba naxazis gdatana programa FLUENT–Si, nakadis sawyisi 
monacemebis Setana (siCqare, temperatura, wneva, simkvrive, dinebis 
saxe da sxv.), gamoTvlebis Catareba da Sedegebis gamotana. nax.13-
16 –ze naCvenebia SemTxvevebi k=3;2;1 da 0.25 Sesabamisad. 
 
nax.11. marTkuTxa Sverilis garsdenis siCqaris alwirebi 
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 procesebis analizma aCvena, rom k sididis Semcirebisas 
RrmulSi or grigalur zonas cvlis erTi ganieri gawelili 
grigali,  xolo Semdeg erTi koncentrirebuli grigali da 
bolos Rrma RrmulSi Cndeba erTmaneTis qveS Tanmimdevruli 
grigalebis didi raodenoba.   
 
 
nax.12. Rrmulis gliceriniT garsdena. k=2. procesis bade GAMBIT-Si 
      
 
 
nax.13. Rrmulis gliceriniT garsdena. k=3. siCqaris profili. 
 
 
nax14. Rrmulis gliceriniT garsdena. k=2. siCqaris Zalwirebi. 
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5. ჰიდროტურბინის სადენი ნაწილი 
 
nax.17-ze naCvenebia kaCinskis hidrorotoriani turbinis sadeni 
nawilis garsdenis ilustracuiisaTvis samkuTxa badis suraTi 
agebuli programa GAMBIT-Si.  
 
 
 
 
 
 
 
 
 
 
nax. 15.  Rrmulis gliceriniT garsdena. k=1-s. siCqaris Zalwirebi 
 
nax.16. Rrmulis gliceriniT garsdena. k=0.25. siCqaris veqtorebi. 
 
nax.17. hidrorotoriani turbinis grsdenis modelirebisaTvis 
samkuTxa elementebiani bade Sesrulebuli programa GAMBIT-Si 
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nax.18 naCvenebia siCqaris veqtorebi dabali siCqareebis dros, 
xolo 19-ze - siCqaris veqtorebi maRali siCqareebis dros. am 
ukanasknel SemTxvevaSi adgili aqvs grigaluri kerebis 
warmoSobas. rac iwvevs wnevis danakargebs.   
 
6. არხში სიჩქარის გაზრდა პერფორირებული დიფუზორის  
გამოყებით 
 
nax. 20 da 21 -ze naCvenebia arxSi siCqaris gazrdis magaliTi 
perforirebuli difuzoris gamoyenebiT.  
 
nax. 18.siCqaris veqorebi. dabali siCqareebis SemTxveva 
 
nax.19. siCqaris veqtorebi. maRali siCqareebis SemTxvevba 
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nax. 20. siCqaris ganawilebis suraTi 
 
nax.21.  arxis cilindrul nawilSi siCqaris gazrda 
perforirebuli difuzoriT. siCqaris Zalwirebi 
nax. 22. siCqaris Zalwirebi 
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nax. 22. naCvenebia siCqaris Zalwirebis  suraTi roca difuzoris 
gaSlis  kuTxe 90 gradisia. 
 
7. დახრილი ფირფიტის გარსდენა 
praqtikaSi gvxdeba SemTxvevebi, roca adhgili aqvs sxvadsxva 
orientaciis mqone firfitis garsdenas. procesis mimdinareobis 
Sesaswavlad Catarebulia firfitis garsdenis modelireba. 
naxazebze 23 da 24 naCvenebia wnevis ganawileba, da  siCqaris 
Zalwirebi.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 22. siCqaris Zalwirebi 
 
nax 23. daxrili firfitis garsdenis wnevis 
ganawileba (pa) 
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თავი III. mocemulia praqtikuli amocanebis gadawyveta programu-
li paketebis gamoyenebiT.  
1. xar j i s saz o m di af r agmaSi  nakadi s mo del i r eba da st andar - 
t ul i  mo T xo vnebi dan gdaxr i s (SemWi dr o ebi s sadebi s ar aswo     
r ad mo nt aJi ) gamo kvl eva si st emat i ur i  xasi aT i s cdo mi l ebaz e 
Seswo r ebi s Set ani s mi z ni T .  
energetikul obieqtebze  TboSemcvelebis maRali xarjebis 
gasazomad farTod gamoiyeneba viwrovdebadi mowyobilobebiani 
xarjsazomebi (umetesad diafragmuli). diafragma dgeba 
milsadenSi da qmnis masSi adgilobriv  Seviwroebas-winaRobas, 
nakadis gavlisas izrdeba nakadis siCqare Seviwroebul kveTSi, 
iqmneba wnevaTa sxvaoba, romelic damokidebulia nakadis 
siCqareze da ese igi nakadis xarjze.  
arc Tu ise iSviaTia SemTxvevebi, roca xarjsazomi ver 
akmayofilebs standartebiT gaTvaliswinebul moTxovnebs. 
magaliTad diafragmis sazomi kameris SemWidroebis sadebis 
Camocileba- Sverilis saxiT milsadenis Siga zedapirze. radgan 
rTulia rgoluri sadebis iseTi diametris SerCeva, romelic 
adgilze dayenebis da qanCebiT moWeris  Semdeg dadgeba 
milsadenis Siga zedapiris gaswvriv.   
milsadenebisa da sazomi kvanZis araordinalur pirobebSi 
muSaobisas gazomvis Sedegebis dasazuteblad aucilebeli xdeba 
 
nax.24. daxrili firfitis garsdenis siCqaris Zalwirebi 
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sistematuri cdomilebebis wyaroebis gamovlena da gazomvis 
SedegebSi Sesabamisi Sesworebebis gaTvaliswineba. 
nax. 25-ze   naCvenebia diafragmaSi  nakadis modelirebiT 
miRebuli siCqaris Zalwirebis suraTi daTvlili EFLUENT-Si,    
roca daculia standartebiT moTxovnili pirobebi. diafragmaSi 
nakadis gadinebis dros mis kuTxeebSi iqmneba mkvdari zona, 
romelSic wnevaTa sxvaobis gamo warmoiSoba siTxis uku 
mimarTulebiT dineba (meoradi nakadi). siTxis siblantis gamo Zi- 
 
nax. 25.  diafragmis swori montaJi 
 
riTadi da meoradi nakadis Wavlebi, romlebic moZraoben 
erTmaneTis sapirispiro mimarTulebiT, xdeba nakadis Sededeba 
grigalebis saxiT. diafragmis Semdeg grigalwarmoqmnaze  
ixarjeba wnevaTa mniSvnelovani sxvaoba.  
nax. 26, 27 da 28 –ze naCvenebia kveTebi, romelSic xdeba 
siCqareebis Zalwirebis gamoTvla, siCqaris Zalwirebi da 
moniSnul kveTebSi siCqaris grafikebi Sesabamisad,  diafragmis 
SemWidroebis sadebis Camocilebis SemTxvevaSi, Sverilis saxiT 
milsadenis Siga zedapirze. 
 
mkvdari zona 
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nax. 26. saangariSo kveTebi siCqareebis veqorebis CvenebiT 
 
Sverilis Sedegad maxinjdeba saangariSo wnevaTa sxvaoba. E   
 
nax. 27. Sverilis SemTxvevaSi siCqaris Zalwirebi 
 
rogorc Cans, arasworad Sesrulebuli SemWidroebis 
sadebiT Seqmnili Sverili damatebiT winaRobas qmnis 
nakadisaTvis, iwvevs wnevaTa sxvaobis cvlilebas da saangariSo 
wnevaTa sxvaobis damaxinjebas. Sedegad gazomili nivTierebaTa 
xarji, romelic aris wnevaTa sxvaobis funqcia Seicavs 
sistematiuri xasiaTis cdomilebas.  
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nax. 28. moniSnul kveTebSi siCqaris grafikebi   
     
xarjis koeficienti isazRvreba eqsperimentulad. 
reinoldsis ricxvis garkveuli zRvruli sididis Semdeg xarjis 
koeficienti praqtikulad mudmivi sididea da damokidebulia 
mxolod diafragmis modulze. cxrilis monacemebis aproqsima-
ciiT miRebuli reinoldsis zRvruli sidide tolia: 
1900027937971429888889Re 23 +⋅+⋅+⋅−= mmmzRvr   (R2=0.9997)  
xarjis koeficientis Sesaxeb daskvnebi samarTliania 
mxolod im SemTxvevaSi, roca daculi iqneba satndartebiT 
moTxovnili diafragmis damzadebis, montaJisa da eqspluataciis 
pirobebi.  montaJis erT-erTi aseTi pirobaa, rom milsadenis Siga 
zedapiri unda iyos gluvi, rac araswori montaJis SemTxvevaSi 
(sadebiT Sverilis warmoSoba) ar sruldeba.   
diafragmis win Sverilis gavlenis Sesaswavlad naSromSi 
ganxilulia Semdegi magaliTi. gluv milSi moZraobs 70oC 
temperaturis mqone wyali xarjiT 27m3/wm.  milSi Sesvlaze 
siTxis wneva kveTSi Tanabaria da tolia 5 ata. milis Siga 
diametria 150 mm, xolo diafragmis naxvretis diametri -80mm. 
diafragmis moduli m=802/1502=0.284. xarjis koeficienti tolia 
0.631. am SemTxvevisaTvis reinoldsis zRvruli sidide formuliT 
gaangariSebiT tolia: 84711Re =zRvr . radgan reinoldsis praqti-
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kuli sidide metia mis zRvrul sidideze amitom xarjis 
koeficienti ar iqneba damokidebuli reinoldsis ricxvze. 
procesis modelirebiT miRebulia, rom gluvi milis 
SemTxvevaSi wnevis vardnam diafragmaze Seadgina 299 mm.Hg., 
Sverilis SemTxvevaSi or kveTSi: nakadis SeSfoTebamde da 
nakadis minimalur kveTSi wnevis vardna gaizarda Sverilis 
winaRobiT da Sesworeba Sverilze KSv=1.02.  Sesabamisad xarjis 
koeficienti toli gaxda 0.644 da xarji ki -  27.54m3/wm.  
amrigad, kompiuteruli modelirebis saSualebiT SesaZle-
beli xdeba sistematiuri xasiaTis cdomilebebis aRmoCena da 
Sesabamisi Sesworebebis SetaniT Sedegebis dazusteba.  
2. სხვადასხვა ტემპერატურის მქონე სითხის ნაკადების ტურბულენ-
ტური შერევის გამოკვლევა მათ შორის თბოცვლის გათვალისწინებით.  
warmoebis mraval dargSi xSiria sxvadsxva temperaturis 
mqone siTxis nakadebis Serevis SemTxvevebi. sistemis swori 
proeqtirebisaTvis mniSvnelovani xdeba nivTierebis xarjisa da 
temperaturis prognozi  Serevis areSi. programuli paketebi 
FLUENTF da GAMBIT am procesis modelirebis saSualebas iZleva.   
civi siTxe (wyali, Tbomtari 1) temperaturiT 20oC Sedis  
400mm diametris mqone  milSi da Seereva Tbil wyals (Tbomtari 
2 temperatura 40oC), romelic miewodeba muxlSi mxebad 100mm 
diametris mqone miliT. milSi Sesasvlelze pirveli Tbomtaris 
siCqarea 1V = 0.2m/wm da ar icvleba, xolo meore Tbomtaris siCqa-
re 2V  icvleba diapazonSi 1m/wm –dan 100 m/wm-de. wylis Tbofizi-
kuri parametrebia: simkvrive- 3kg/m1000=ρ , Tbogamtarobis koefi-
cienti- )068.0 Kvt/(m=λ , dinamikuri siblante- wmpa ⋅⋅= −4108µ , mudmi-
vi wnevis dros masuri siTbotevadoba )216.4 KC p ⋅= kj/(kg . reino-
ldsis ricxvi pirvel milSi Sesvlaze tolia 511 101/Re ⋅== µρdV , 
analogiurad µρ /Re 22dV=  meore milSi icvleba diapazonSi  - 
)1025.11025.1(Re 75 ⋅−⋅= − . 
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wylis nakadebis Serevis procesis modelirebisaTvis 
Seqmnili bade (1215 samkuTxediT) naCvenebia nax. 29-ze. angariSi 
tardeba  stantdartuli turbulenturi modelisaTvis. programa-
Si gaaqtiurebulia calkeul samkuTxedebs Soris momqmedi Tboc-
vlis Sesabamisi energiebis gantolebebi.  nax. 30 da 32 –ze 
naCvenebia Sesabamisad siCqaris velebi 0.2 da 1 m/wm da 0.2 da 100 
m/wm siCqareebis dros. analogiurad igivea gamosaxuli, naxazebze 
31 da 33 mxolod temperaturebis velebisaTvis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 29.  samkuTxa bade siTxeTa Serevis Sesaswavlad 
 
nax. 30. siCqaris veli 0.2 da 1m/wm 
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yvel
a 
 
nax. 31. temperaturis veli   0.2 da 1m/wm 
 
nax.32. siCqaris veli   0.2 da 100m/wm 
 
nax.33. temperaturis veli  0.2 da 100m/wm 
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ganxiluli SemTxvevisaTvis gamosasvlel kveTSi prognoziT 
miRebuli siCqareebis da temperaturebis ganawilebis monacemebi 
moyvanilia cxrilebSi 1 da 2. 
 
cxr.1.  
gamosasvleli 
kveTi, 
aTvlis 
wertili 
-1.22m 
siCqare gamosasvlel kveTSi, m/wm 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-1m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-10m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-50m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-100m/wm 
 
1,22 0 0 0 0 
1,27 0,192953 1,05047 4,67254 8,59948 
1,32 0,287715 1,60876 7,68834 15,8236 
1,37 0,388856 2,27788 11,2583 23,7533 
1,42 0,493456 2,99257 14,8231 30,822 
1,47 0,574648 3,56686 17,3146 35,0777 
1,52 0,619284 3,89105 18,4467 36,5798 
1,58 0,643968 3,9133 17,4291 32,8128 
1,63 0 0 0 0 
 
 
                                                      cxr.2. 
gamosasvleli 
kveTi, 
aTvlis 
wertili 
-1.22m 
temperatura gamosasvlel kveTSi, oC 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-1m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-10m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-50m/wm 
 
I nakadis 
siCqare-0.2m/wm 
 
II nakadis 
siCqare-100m/wm 
 
1,22 293,197 310,371 312,358 312,374 
1,27 293,344 310,411 312,369 312,386 
1,32 294,005 310,51 312,397 312,421 
1,37 296,07 310,682 312,451 312,494 
1,42 299,951 310,971 312,541 312,602 
1,47 304,826 311,401 312,661 312,724 
1,52 308,833 311,865 312,776 312,826 
1,58 311,433 312,399 312,887 312,915 
1,63 312,568 312,723 312,949 312,964 
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ძირითადი დასკვნები 
1. literaturuli mimoxilvis safuZvelze naCvenebia, rom  
Tbo da hidroenergetikuli specialobis studentebisaTvis 
kompiuteruli programebis paketebi FLUENT da GAMBIT 
warmatebiT SeiZleba gamoyenebuli iqnas virtualuri 
laboratoriuli amocanebis Seqmnis mizniT, hidroaerodi-
namikuri da Tburi procesebis Seswavlis procesSi;   
2. Tbo da hidroenergetikis specialobis studentebisaTvis 
saswavlo gegmis mixedviT SerCeulia maprofilebeli 
sagnebis Sesabamisi Temebi da konkretuli sakiTxebi, sadac 
mniSvnelovania hidroaerodinamikuri da Tburi procesebis 
kompiuteruli modelireba; 
3. kompiuteruli programebis FLUENT da GAMBIT paketebis 
gamoyenebiT Seiqmna virtualuri laboratoriuli baza 
Semdegi amocanebiT:  
• siTxis dinebis laminaruli da turbulenturi 
reJimebi;  
• siTxeSi CaZiruli  wris da rkalebis mcocavi 
reJimiT garsdena;  
• Sverilis da Rrmulebis garsdena; hidroturbinis 
niCbebis  garsdena;  
• arxSi siCqaris gazrdis modeli;  
• daxrili firfitis garsdena; 
• nivTierebaTa xarjis sazomi diafragmis modeli; 
• sxvadsxva temperaturis mqone siTxis nakadebis 
Serevis modeli.  
4 damuSavebulia meTodika, programebis FLUENT da GAMBIT 
gamoyenebiT, hidroaerodinamikuri da Tbogadacemis  Teori-
uli da praqtikuli amocanebis gadaswyvetad; 
5. nakadis modelirebiT gamokvleulia nivTierebaTa  xarjis 
sazom diafragmaSi SemWidroebis sadebis araswori montaJis 
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pirobebSi mimdinare procesebi da miRebulia Sesworebis 
koeficienti  nivTierebaTa xarjis dasazusteblad; 
6. kompiuteruli modelirebis gziT gamokvleulia xsvadsxva 
siCqarisa da temperaturis mqone nakadebis Serevis procese-
bi Tbocvlis gaTvaliswinebiT; 
7. sxvadsxva temperaturis mqone siTxis nakadebis Serevis  
dros miRebuli siCqarisa da temperaturis ganawilebis 
kanonebi saSualebas iZleva gakeTdes Serevis areSi 
nivTierebis xarjisa da temperaturis prognozi, rac 
mniSvnelovania, sistemis swori proeqtirebisaTvis. 
 
samuSaos aprobacia. disertaciis ZiriTadi debulebebi da Sedegebi 
moxsenebuli iyo saerTaSoriso samecniero konferenciebze da 
Tematur seminarebze. 
saerTaSoriso samecniero konferenciebi: 
1. saerTaSoriso samecniero konferencia “energetika: regiona-
luri problemebi da ganviTarebis perspeqtivebi” 21-22 maisi, 
2010. quTaisi;  
2. saqarTvelos teqnikuri universitetis studentTa 78-e Ria saer-
TaSoriso samecniero konferencia. maisi,  2010w;  
3. saqarTvelos teqnikuri universitetis studentTa 79-e Ria 
saerTaSoriso samecniero konferencia. maisi,  2011w;  
Tematur seminarebi: 
I-Tematuri seminari - “kompiuteruli programebis adaptacia 
Tboteqnikuri virtualuri amocanebis Sesaqmnelad; 
II-Tematuri seminari – “siTxeSi CaZiruli wris da rkalebis 
mcocavi reJimiT garsdenis Seswavla programuli paketebis  
GAMBIT da FLUENT-is gamoyenebiT 
 
ძირითადი შედეგები გამოქვეყნებულია შემდეგ შრომებში 
1. gigitelSvili k., kiRuraZe d., kiRuraZe o. siTxis nakadis 
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gamoyenebiT. “energia” #3(59). 2011. gv. 79-84.  
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2011. gv. 14-16.  
 3. Kiguradze  D, Gigitelashvili K, Kiguradze O. Computer modeling of laminar   
 flow of circles and arcs submerged in fluid.   saerTaSoriso internet-
Jurnali www.energyonline.ge. nomeri 1 (6), 2012 w. 
4. gigitelSvili k. Rrmulis nakadiT garsdenis modelireba 
programuli paketebiT. “energia” #1(61). 2012. gv. 40-43.  
5. gigitelSvili k. programebis FLUENT- is da GAMBIT-is    
gamoyeneba nakadebis moZraobis reJimebis Sesaswavlad. studentTa 
78-e Ria saerTaSoriso samecniero konferenciis SromaTa 
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